Vibrio parahaemolyticus is typically harmless, but pathogenic strains can cause 43 severe inflammatory gastroenteritis infections that rarely progresses to lethal sepsis (1).
44
It is the leading cause of bacterial seafood-borne illness worldwide, with raw or 45 improperly handled seafood as a major vector. In the United States, it has been of 46 greatest concern for shellfish harvested in the Gulf of Mexico and the Pacific Northwest suggesting that it may have expanded its geographic range (6, 7). Furthermore, unlike 52 native strains present in the northern Atlantic that cause infrequent infections, the ST36 53 strain is responsible for an ongoing multi-state outbreak (7) ( Table 1) . Rapid 54 identification of this strain complex in clinical samples could aid in the prevention of 55 more widespread infections. Additionally, accurate quantification of this strain in 56 shellfish growing areas could inform harvest strategies that maintain a safe product.
57
Identifying rare pathogenic strains from among mostly nonpathogenic 58 populations of V. parahaemolyticus has been a longstanding challenge. A few strains,
59
such as those in the pandemic clonal complex, serotype O3:K6, can be identified as 60 such through diagnostic attributes (e.g. the presence of locus ORF8), but most 61 infections in the Americas are caused by other strains (5, 8, 9) . Extensive analysis has 62 yet to reveal a common diagnostic attribute for pathogenic V. parahaemolyticus. Only a 63 4 few virulence markers are known and routinely applied for pathogen identification,
64
including the tdh and trh hemolysin genes, but these do not detect all pathogens.
65
Indeed, more than 10% of infections in North America are apparently caused by strains 66 that lack these genes, whose prevalence among non-pathogens and other Vibrio 67 species is not known (10-15). Detection of a combination of traits or markers that can 68 identify pathogen lineages of most concern along with virulence traits quickly and 69 affordably could improve the reliability of pathogen discrimination, identification, and 70 surveillance.
71
The goal of this study was to identify genomic loci diagnostic for ST36 clonal 72 complex related strains, and to develop and apply a specific detection assay in strain 73 identification. This assay will facilitate rapid detection of the ST36 strain complex from 74 clinical samples and allow more targeted monitoring in natural environments.
75

MATERIALS AND METHODS
76
Bacteria strains and culture conditions. was assessed visually by electrophoresis. Sequencing libraries were generated from 124 1µg of genomic DNA as determined using the Qubit 2.0 fluorimeter (LifeTech, CA, US).
125
DNA was sheared on the Covaris M220 Ultrasonicator to a mean size of 500 bp.
126
Libraries were generated using the TruSeq Kit and targeted size selection of 500 bp 127 was completed using the optional gel-extraction method in the TruSeq protocol 128 (Illumina). Genomes were sequenced using a rapid output mode run producing 150 bp strains from genome groups that were phylogenetically adjacent to group 10329 and 167 lack any of the three loci (i.e. S120 and S100). Sequences were analyzed using 10290 (Table 1) which cannot be accurately resolved along with the 188 ORF8 amplicon (369 bp) specific for the pandemic ST3, O3:K6 strain; however, 189 analysis of regional isolates (Fig. 1) indicates that the pandemic strain is not prevalent 190 among clinical isolates from the northeastern region of the US, and we reasoned that 191 the inclusion of the ORF8 primers for routine analysis is not critical and could be applied NaCl, and the cells from 1 mL pelleted by centrifugation, re-suspended in 1 mL diH 2 0, T-soy agar as previously described (29), were used to further quantify the rate of false 236 positives, and assay precision (number of replicate assays producing the same results).
237
The proportion of known positives that by the assay test positive, and match the 238 result of the control template (the assay accuracy and sensitivity) of the newly designed 239 F2-TLH primer compared to the published forward primer (F-TLH: 5′-240 AAAGCGGATTATGCAGAAGCACTG-3′) (9) was evaluated on crude lysates of the 241 reference set using the published R-TLH primer in a three gene multiplex assay also 242 using published primers for tdh and trh (Table 1) sequence type (G3654) and two ST34 isolates (G1350, and G363), were related to yet 291 still distinct from the ST36 clade ( Fig. 1) (31) . (Fig. 2) . This locus is particularly unique in that nucleotide sequence similarity (Table 2) .
336
To determine the extent that one or a combination of these loci are (http://www.ncbi.nlm.nih.gov/genome/?term=vibrio%20parahaemolyticus) (Fig. 2) . The (Fig. 2, Table 2 ). A single non-ST36 high quality genome (MDVP13, 352 ST678) in the 10329 genome group apparently lacks prp, and this genome harbors both 353 cps and flp, but based on whole genome phylogeny, this strain does not group within 354 the same clade as ST36 and ST59 (Fig. 2, Table 2, Fig. 3 ). Five other genomes outside 355 the 10329 genome group harbored one or two of the three loci but not every strain in 356 these genome groups harbored these genes (See Table 2 ).
357
A total of 295 V. parahaemolyticus draft and complete genomes from isolates of 358 a broad geographic and phylogenetic distribution were used to predict the sensitivity but it is still closely related to ST36 and ST59 and is within the same clade (Fig. 2) .
368
These data indicate an assay utilizing prp may be sufficiently accurate for routine 369 screening, but addition of a second amplicon (cps) and requirement of both amplicons 370 would increase accuracy of identification of ST36-related strains to 100% if including all 371 three sequence types within the clade harboring ST36.
372
Analysis of the distribution of prp and cps in clinical and environmental isolates 373 from the Northeastern US using multiplex PCR.
374
To examine the utility of loci identified by whole genome comparisons for strain 375 identification not only in silico, but in vitro, we developed a multiplex PCR-detection 376 assay. Oligonucleotide primers that produce prp-and cps-specific amplicons were 377 developed for simultaneous detection with both hemolysin-encoding genes (tdh and trh) 378 and the species specific locus (tlh) to improve an existing multiplex PCR assay (9) (Fig.   379 3, Table 1 five-gene multiplex assay, all five amplicons were detected from F11-3A (Fig. 3) . The 387 intensity of cps was relatively lower, perhaps as a result of decreased efficiency for this 388 amplicon relative to the other smaller amplicons (Fig. 3 ).
389
The above assays were applied to the reference set of 94 clinical isolates and (Fig. 3, Fig. 1)) . Thus, the four-amplicon 100% accuracy and precision of the assay (Fig. 3 , and data not shown).
409
DISCUSSION
410
The Northeast gastroenteritis outbreak attributed to a non-native ST36 strain of in ST36 and therefore may be used for strain typing (Fig. 3) (Fig. 2 MLST (17, 18, 21, 30) (Fig. 1) , or when resources are available by whole 451 genome sequencing and phylogeny (Fig. 2) (20, 27 
464
The method may also be readily applied in clinical analyses to enable a more rapid 465 response to outbreaks to prevent additional infections, and to potentially inform a 466 laboratory diagnostic test for accurate strain identification. Table 2 . 
